In recent years, proinflammatory cytokines in the nephritic kidney appear to contribute to the pathogenesis of AGN. The complex inflammatory cytokine network that drives renal pathology is poorly understood. IL-17, the signature cytokine of Th17 cells, which promotes autoimmune pathology in a variety of settings, is beginning to be identified in acute and chronic kidney diseases as well. However, the role of IL-17-mediated renal damage in the nephritic kidney has not been elucidated. Here, with the use of a murine model of experimental AGN, we showed that IL-17RA signaling is critical for the development of renal pathology. Despite normal systemic autoantibody response and glomerular immune-complex deposition, IL-17RA Ϫ/Ϫ mice exhibit a diminished influx of inflammatory cells and kidney-specific expression of IL-17 target genes correlating with disease resistance in AGN. IL-17 enhanced the production of proinflammatory cytokines and chemokines from tECs. Finally, we were able to show that neutralization of IL-17A ameliorated renal pathology in WT mice following AGN. These results clearly demonstrated that IL-17RA signaling significantly contributes to renal tissue injury in experimental AGN and suggest that blocking IL-17RA may be a promising therapeutic strategy for the treatment of proliferative and crescentic glomerulonephritis.
Introduction
AGN causes a great degree of mortality and morbidity in patients suffering from chronic kidney diseases [1, 2] . Following kidney injury, infiltration of inflammatory cells into the renal parenchyma leads to disruption of glomerular barrier integrity and development of fibrosis [3] . Recent evidence suggests a critical role of proinflammatory cytokines in the pathogenesis of AGN [4 -6] . IL-17 is the signature cytokine of newly identified Th17 cells, which promote autoimmune pathology in a variety of settings and are beginning to be identified in human and experimental AGN [7] [8] [9] [10] [11] . In the presence of IL-6, TGF-␤, IL-1, and IL-21, naive CD4 ϩ T cells differentiate into Th17 cells in mice and humans [7, 8] . IL-23, a heterodimeric cytokine consisting of a unique p19 subunit and p40 subunit, is important for survival and pathogenic function of Th17 cells [7, 8] . Accordingly, IL-12p40 Ϫ/Ϫ mice (lacking IL-23 and Th1, promoting cytokine IL-12) and IL-12p19 Ϫ/Ϫ (lacking IL-23 with intact IL-12), but not IL-12p35 Ϫ/Ϫ (lacking IL-12 with intact IL-23), were resistant to the development of experimental AGN [12] . However, the role of IL-17 in driving AGN in chronic kidney diseases is poorly understood. IL-17A is a member of the IL-17 family that includes: IL-17A, IL-17B, IL-17C, IL-17D, IL-17E, and IL-17F [13] . IL-17A, the most well-characterized member of the IL-17 family, is produced by Th17 cells [13] . In addition, ␥␦ T, lymphoid tissue inducer, CD8, NK, NKT, and plasma cells also produce IL-17A [14] . In inflammatory conditions, Th17 cells release not only IL-17A but also IL-17F [15] . These cytokines can form IL-17A and IL-17F homodimers, as well as IL-17A/IL-17F heterodimers, and bind to IL-17R complexes, composed of IL-17RA paired with IL-17RC [16] . Following ligand binding, IL-17RA and IL-17RC associate with each other and activate a number of different downstream effector signaling pathways in target cells. In addition to IL-17A and IL-17F, IL-17RA acts as a receptor for IL-17E (IL-25) [15] .
A number of mouse model studies have implicated the essential role of the IL-23/Th17 axis in promoting renal injury in human and experimental AGN [17] [18] [19] . These studies took advantage of genetically deficient mice lacking Th17 cells (retinoic acid receptor-related organ receptor 1␥t Ϫ/Ϫ and IL-23p19 Ϫ/Ϫ mice) or transfer of in vitro-differentiated Th17 cells in recombination-activating gene 1
recipients with planted antigens in the kidney glomeruli [17] [18] [19] . Although these reports have provided useful information on the involvement of "classic" Th17 cells as a source of a IL-17 family of cytokines in AGN, these studies are limited by the fact that Th17 cells contribute a fraction of the total IL-17 family of cytokines produced in the nephritic kidney. Moreover, in addition to IL-17A and IL-17F, Th17 cells produce multiple cytokines, including GM-CSF, IL-22, and IL-21 [7, 8] , making it difficult to assess the role of IL-17A and IL-17F in the pathogenesis of AGN. To address this issue, recently, Pisitkun et al. [20] demonstrated that mice deficient in Act1 (an adaptor protein absolutely necessary for the IL-17R signaling in the target cells) are protected from developing renal pathology following experimental AGN. Lack of Act1 was shown to protect lupusprone Fc␥RIIb Ϫ/Ϫ mice from development of lethal glomerulonephritis without affecting the systemic autoimmune response and production of anti-nuclear antibodies [20] . These results clearly indicate a previously unappreciated kidney-specific, pathogenic role of IL-17 family cytokines in renal inflammation. However, there are discrepancies regarding the role of Act1 in autoimmunity. Act1 has been shown to be involved in the negative regulation of B cellactivating factor receptor and CD40 signaling in B cells by a separate group [21, 22] . Consequently, deficiency of Act1 resulted in hyperplasia and spontaneous activation of B cells leading to loss of self-tolerance, production of autoantibodies, and development of systemic autoimmune conditions [23] . To overcome these major problems, we decided to revisit the role of IL-17R signaling in the development of AGN in IL-17RA Ϫ/Ϫ signaling mice. To this end, we took advantage of a prototypic mouse model of AGN, where glomerular injury is induced by generating an autoimmune response against rabbit anti-mouse GBM serum, faithfully recapitulating many essential features of autoimmune kidney diseases [24] . In this report, we showed that IL-17A is up-regulated in the nephritic kidney of AGN mice, resulting in increased expression of IL-17-responsive genes in the late stages of AGN. Consequently, IL-17RA Ϫ/Ϫ signaling significantly ameliorated glomerular injury and tubulointerstitial inflammation following induction of AGN. Interestingly, IL-17RA
mice showed diminished infiltration of innate effector cells in the kidney, despite a normal systemic immune response and glomerular immune complex deposition, correlating with disease resistance. Finally, we were able to show that administration of anti-IL-17A antibody protected mice from the development of AGN, indicating that neutralization of IL-17A may be an attractive, therapeutic approach to control chronic renal inflammation associated with AGN, which may have ramifications in other autoinflammatory chronic kidney disorders.
MATERIALS AND METHODS

Mice
C57BL/6J mice were obtained from The Jackson Laboratory (Bar Harbor, ME, USA). IL-17RA Ϫ/Ϫ mice were obtained from Amgen (San Francisco, CA, USA) and bred in-house. All mice were housed and bred under specific pathogen-free conditions, and age-and sex-matched mice were used for all the experiments. All animal protocols were approved by the University of Pittsburgh Institutional Animal Care and Use Committee and adhered to the guidelines in the Guide for the Care and Use of Laboratory Animals of the U.S. National Institutes of Health.
Induction of experimental AGN
The protocol for inducing AGN has been described before [20] . 
Histological analyses and immunofluorescence staining
Kidneys were fixed in 10% neutral-buffered formalin and embedded in paraffin. Tissue sections were stained with H&E or PAS, and histological scores were evaluated blindly as described before [12] . Frozen sections (5 m thickness) were fixed in acetone and blocked with 1% BSA in PBS. Immune complex deposition was evaluated by staining with FITC-conjugated mouse anti-IgG antibody (Jackson ImmunoResearch Laboratories, West Grove, PA, USA). Slides were mounted with Vectashield without 4=,6=-diamidino-2-phenylindole (Vector Labs, Burlingame, CA, USA) and visualized using a Leica AF6000LX fluorescence microscope.
Isolation of single cells from the kidney
Kidneys were perfused with 15 ml prewarmed PBS, while the mice were anesthetized with Avertin. The perfused kidneys were digested with collagenase B (0.230 U/ml; Roche Applied Science, Indianapolis, IN, USA) in 10% FCS in RPMI for 30 min (37°C) with occasional shaking. RBC lysis was performed, and cells were resuspended in 10 ml RPMI media. The resuspended cells were slowly layered over 5 ml Percoll (Sigma). The tubes were spun for 2500 rpm for 30 min at room temperature. The cell layer at the interface of the media and Percoll was collected and washed twice with PBS and used for FACS staining.
Real-time qPCR analyses
Total RNA was isolated from the cells using the RNeasy Micro kit (Qiagen, Valencia, CA, USA), and cDNA was prepared by SuperScript II RT (Invitrogen, Carlsbad, CA, USA). Expression of the gene of interest was measured by real-time qPCR using a PerfeCTa SYBR Green FastMix ROX (Quanta BioSciences, Gaithersburg, MD, USA) on a 7300 real-time PCR system (Applied Biosystems, Carlsbad, CA, USA). The primers for mouse IL-17A, IL-17F, IL-6, CXCL1, CXCL2, and CCL20 were purchased from Qiagen (QuantiTect Primer Assays). The expression of each gene was normalized to the expression of mouse GAPDH. 
Absolute neutrophil count of peripheral blood smears
Blood was collected by saphenous venous puncture or cardiac puncture and collected in EDTA-containing tubes (Microvette tubes; Sarstedt, Newton, NC, USA, and Microtainer tubes; Becton Dickinson, Franklin Lakes, NJ, USA). Total WBC counts were determined by the trypan blue exclusion method. The percentage of neutrophils was determined by enumeration of a blood smear stained with Giemsa (Fisher Scientific, Fair Lawn, NJ, USA). Two hundred cells were counted/sample, and the absolute neutrophil count was determined by multiplying the percentage of neutrophils (mature and band forms) by total WBC.
ELISA
Cell culture supernatants were assayed for cytokine production by murine ELISA kits, IL-17A, IFN-␥, and IL-4 (eBioscience). Mouse anti-rabbit IgG antibody titers were measured by ELISA using sera collected 14 days after induction of nephritis. In brief, ELISA microtiter plates were coated with 100 l 100 g/ml rabbit IgG (Sigma) in carbonate-bicarbonate buffer overnight at 4°C. After being blocked with 1% BSA in TBS (Sigma), the plates were incubated with serial dilutions of mouse serum (1:100 -1: 12,500) for 1 h at room temperature. Bound mouse IgG was detected using peroxidase-conjugated goat anti-mouse IgG (SouthernBiotech, Birmingham, AL, USA) at 1:1000, 3,3=,5,5=-tetramethylbenzidine peroxidase substrate and absorbance readings (at 450 nm) on a spectrophotometer. Ig isotypes (IgG1 and IgG2a) were measured using ELISA. Mouse serum BUN levels were determined using BUN ELISA kit (Bioo Scientific), according to the manufacturer's instructions.
In vitro stimulation of primary mouse tECs
Primary mouse tECs were cultured, according to the manufacturer's instructions (Cell Biologics, Chicago, IL, USA). Cells were left unstimulated or stimulated with IL-17A (50 ng/ml and 200 ng/ml; PeproTech, Rocky Hill, NJ, USA), TNF-␣ (5 ng/ml; PeproTech), or IL-17 (200 ng/ml) ϩ TNF-␣ (5 ng/ml) for 24 h.
Transwell chamber migration assays
Neutrophils were isolated from bone marrow of 8-to 10-week-old C57BL/6 mice using the neutrophil isolation kit (Miltenyi Biotec). Purity of isolated neutrophils was Ͼ95% in all of the experiments, as determined by FACS analysis. Migration of neutrophils was assayed using a 5.0-m pore-size transwell chamber (Corning, Corning, NY, USA) in the presence of supernatant from tEC cultures, left untreated or treated with IL-17 and/or TNF-␣.
Statistical analyses
Results are expressed as mean Ϯ sd. Differences between groups were calculated for statistical significance using two-tailed paired Student's t-tests. P Ͻ 0.05 was considered significant.
RESULTS
IL-17A and IL-17A-responsive, inflammatory genes were up-regulated in the kidney of AGN mice
First, we evaluated whether cortical expression of IL-17 family cytokines, such as IL-17A and IL-17F, were up-regulated in the early and late stages of AGN development. To achieve this, C57BL/6 (WT) mice were preimmunized with rabbit IgG and CFA, 3 days before the administration of NRS. Control mice received CFA only. Seven and 14 days post-NRS administration, mice were killed, and kidney cortex was evaluated for IL-17A and IL-17F transcript expression by qPCR. IL-17A mRNA was significantly up-regulated at early (Day 7) and late (Day 14) stages of AGN development (Fig. 1A) . However, there was no statistical significant difference in IL-17F transcript level between nephritic and control mice (Fig. 1B) . At Day 14, intracellular staining for IL-17A revealed increased frequency of IL-17A-producing cells within the CD3 ϩ CD4 ϩ and CD3 ϩ CD4 Ϫ compartments (Fig. 1C) . These results clearly indicated Th17 and innate IL-17-producing cells as cellular sources of IL-17 in the nephritic kidney.
To study the impact of IL-17A expression, we next assessed IL-17-dependent cytokine and chemokine gene expression in the kidney cortex of nephritic mice. Whereas there was no difference in the IL-17-responsive genes between the groups at Day 7, transcript expression of Il6, Ccl20, Cxcl1, and Cxcl2 was increased significantly in the nephritic kidney compared with control mice at Day 10 ( Fig. 1D) . Overall, these results indicated that IL-17A-and IL-17-responsive, inflammatory genes were up-regulated in the late stages of renal inflammation.
IL-17RA
؊/؊ ameliorated renal dysfunction in AGN
To test whether IL-17RA signaling contribute to AGN, we induced AGN in WT and IL-17RA Ϫ/Ϫ mice and evaluated the mice for AGN development. Specific glomerular binding and deposition patterns of the NRS did not differ between WT and IL-17RA Ϫ/Ϫ mice (data not shown). At Day 14, while WT mice demonstrated significant loss of kidney function, IL-17RA Ϫ/Ϫ mice were protected from AGN, as evident by significantly reduced blood urea-nitrogen levels ( Fig. 2A) . Examination of H&E and PAS-stained kidney sections of nephritic WT mice at Day 14 showed severe focal glomerular and tubular damage with destruction of regular tissue structures. Glomerular changes included hypercellularity and formation of cellular crescents, capillary aneurysms, and intraglomerular deposition of PAS-positive material (Fig. 2B) . In addition to massive leukocyte infiltrates, the tubulointerstitial compartment showed tubular dilation, necrosis and atrophy, and protein casts. Interestingly, glomerular and tubulointerstitial tissue damage was less severe in nephritic IL-17RA Ϫ/Ϫ mice, as shown by representative PAS staining (Fig. 2B) . To quantify renal tissue damage, PAS-stained kidney sections were blindly evaluated for the presence of crescents, glomerular sclerosis, and tubulointerstitial injury. The frequency of abnormal glomeruli at Day 14 was decreased significantly in nephritic IL-17RA Ϫ/Ϫ mice compared with WT mice (Fig. 2C) . Furthermore, nephritic kidneys of IL-17RA Ϫ/Ϫ mice showed a significantly diminished number of crescent formation and reduced tubulointersti-tial inflammation, as indicated by a significant decrease in the interstitial area (Fig. 2C) . Surprisingly, glomeruli of IL-17RA Ϫ/Ϫ and WT mice demonstrated comparable immune complex deposition, as revealed by immunofluorescence staining for mouse IgG (Fig. 2D) . Collectively, these results indicated an essential role for IL-17RA signaling in renal pathology associated with AGN.
Systemic immune response was unaltered in the absence of IL-17RA
؊/؊ Previous studies have suggested a role of IL-17R signaling in B and T cell responses [25, 26] . Therefore, to evaluate whether IL-17RA Ϫ/Ϫ induces alteration in systemic humoral and cellular immune response against rabbit IgG, we performed detailed phenotypic characterization of splenic B and T cells response in WT and IL-17RA Ϫ/Ϫ mice. As demonstrated in Fig. 3A , percentages of GC B cells (B220 ϩ GL-7 ϩ CD95 ϩ ) were comparable between the WT and IL-17RA Ϫ/Ϫ mice. Additionally, there was no significant difference in the percentage of plasma cells (B220 lo CD138 ϩ ) between the groups (Fig. 3A) . For a more precise description of antigen-specific humoral immune response, we analyzed the total IgG and isotype pattern of mouse IgG antibody response directed against rabbit IgG in the serum of WT and IL-17RA Ϫ/Ϫ mice. There was no significant difference in total mouse IgG antibody titers to total rabbit IgG at Day 14 between the groups (Fig. 3B) . Additionally, the analysis of IgG isotypes revealed no bias for Th1 (IgG2a) or Th2 (IgG1) antibody production in the absence of IL-17RA signaling (Fig. 3B ). As CD4 ϩ T cells play a major a role in the pathogenesis of AGN, we next characterized the splenic and renal T cell responses in WT and IL-17RA Ϫ/Ϫ mice. At Day 14, a percentage of effector CD4 ϩ T cells (CD4 ϩ CD62L lo CD44 hi ) in the spleen was comparable between the groups (Fig. 3C) . Although the number of kidney-infiltrating CD4 ϩ T cells was three-to fourfold less in IL-17RA Ϫ/Ϫ mice compared with control, 90 -95% of these cells have a surface phenotype characteristic of effector cells (CD4 ϩ CD62L lo CD44 hi ; data not shown). Additionally, the frequency of natural T regs (CD4 ϩ CD25 ϩ Foxp3 ϩ ) in the spleen was similar between the groups (Fig. 3D) .
To determine the effector cytokine production from CD4 did not achieve statistical significance (Supplemental Fig. 1 ). Overall, these data indicated that systemic B and T cells responses were largely unaffected in the absence of IL-17RA signaling in AGN mice.
Renal inflammation was severely compromised in the absence of IL-17RA signaling
To evaluate the contribution of IL-17RA signaling in local inflammatory reaction in the kidney cortex, we next determined the frequency of kidney-infiltrating innate effectors at early (Day 7) and late (Day 14) stages of AGN development by FACS analyses. At Day 7, a number of neutrophils (Ly6G ϩ Ly6C Ϫ ) were significantly diminished in the IL-17RA Ϫ/Ϫ kidney compared with WT mice (Fig. 4A) . At this time-point, the frequency of kidney-infiltrating inflammatory monocytes (Ly6G Ϫ Ly6C ϩ CD11b ϩ F4/80 lo ) and macrophages (Ly6G Ϫ Ly6C ϩ CD11b ϩ F4/80 hi ) was comparable between the groups (Fig. 4A) . However, the number of kidney-infiltrating neutrophils and inflammatory monocytes was reduced significantly in the absence of IL-17RA signaling at later stages (Day 14) of nephritis development. Although the frequency of macrophages at Day 14 was also reduced in IL-17RA Ϫ/Ϫ kidney compared with WT mice, it did not achieve statistical significance. Furthermore, to determine whether IL-17RA Ϫ/Ϫ mice are neutropenic, we enumerated the absolute number of neutrophils in the blood of WT and IL-17RA Ϫ/Ϫ mice following Giemsa stain. As shown in Fig. 4B , there was no significant difference in the number of neutrophils between WT and IL-17RA Ϫ/Ϫ mice. These results clearly indicated that whereas the infiltration of neutrophils at early and late stages of AGN development is IL-17RA-dependent, monocytes and macrophages require IL-17RA signaling to infiltrate the kidney, albeit at a later stage.
One of the major mechanisms by which IL-17 drives infiltration of innate effector cells in the inflamed organs is via production of cytokines and chemokines from target cells [27] . To determine whether a diminished number of infiltrating innate effectors correlate with reduced kidney-specific expression of inflammatory mediators, we measured the transcript expression of IL-17-responsive cytokine and chemokine genes in the kidney of WT and IL-17RA Ϫ/Ϫ mice by qPCR. At Day 10, kidney-specific expression of Il6, Cxcl2, and Cxcl1 mRNA was reduced significantly in IL-17RA Ϫ/Ϫ mice compared with WT mice. However, there was no difference in the Ccl20 mRNA expression between the groups (Fig. 4C) . These results clearly suggested that IL-17-driven chemotactic signals in the nephritic kidney are required for infiltration of innate effector cells in the pathogenesis of AGN.
IL-17 induces proinflammatory cytokine/chemokine expression in primary mouse tECs
Previous studies in mouse models of acute and chronic kidney injury showed that interaction between inflammatory cytokines and tECs activates cell-signaling pathways that precede induction of local inflammatory events in the kidney. The tECs express functional IL-17R and constitute ϳ70% of the total cells in the kidney cortex [19] . Therefore, to study the potential role of IL-17 in renal inflammation, we analyzed its regulatory effect on the expression of the cytokines and chemokines in mouse primary tECs. To investigate this issue, we stimulated mouse primary tECs with IL-17 in the presence or absence of TNF-␣ (with which IL-17 exhibits profound synergy) [27] . As shown in Fig. 5A , mRNA expression of Il6, Cxcl1, Cxcl2, and Ccl20 transcripts was induced significantly by synergistic effects of IL-17 and TNF-␣, whereas IL-17 or TNF-␣ alone had minimal effect in tECs.
To assess whether cytokines and chemokines, produced by tECs in response to IL-17 alone or in synergy with TNF-␣, can induce chemotactic signals enough to facilitate migration of innate effectors, we performed transwell chamber migration assays with supernatant from treated or untreated tECs. As our in vivo data suggest that migration of neutrophils is maximally affected in the absence of IL-17RA signaling, we decided to use neutrophils as a prototypic cell type for these assays. Neutrophils purified from the bone marrow of C57BL/6 mice demonstrated a significant increase in chemotactic migration in the presence of tEC supernatant stimulated with IL-17 and TNF-␣ compared with the untreated group (Fig. 5B) . Consistent with the mRNA expression patterns of cytokine and chemokine genes in IL-17-stimulated tECs, we found no difference between the migration of neutrophils in the presence of supernatant from tECs treated with IL-17 or TNF-␣ alone and untreated groups (Fig. 5B ). (nϭ9) mice were stained with Giemsa stain and microscopically evaluated for the number of neutrophils/ml blood. (C) qPCR analysis of renal cytokine and chemokine mRNA expression in C57BL/6 (nϭ3 for control; nϭ9 for AGN) and IL-17RA Ϫ/Ϫ (nϭ3 for control; nϭ10 for AGN) mice at Day 10. Each dot represents individual mice, and the horizontal bars indicate mean for each group. The scattered plot is the pooled data from two individual experiments. *P Ͻ 0.05; **P Ͻ0.01.
Neutralization of IL-17A ameliorated AGN in WT mice
We showed that the absence of IL-17RA diminished the renal pathology and inflammatory response following induction of AGN. Based on this finding, we hypothesized that neutralization of IL-17A may have beneficial impact on the development of AGN. To this end, three groups of C57BL/6 mice were treated with a lower dose (500 g/week) or higher dose (500 g, three times/week) of anti-IL-17A or isotype control (500 g, three times/week) antibodies following induction of AGN. After 14 days, mice were evaluated for the development of AGN. Consistent with the disease-protective phenotype in IL-17RA Ϫ/Ϫ mice, we observed significant reduction in the serum BUN levels in mice treated with a higher dose of anti-IL-17A antibody compared with control groups (Fig. 6A) . However, there was no difference between the group of mice treated with the lower dose of anti-IL-17A antibody and control mice (Fig. 6A) . In support of these findings, PAS-stained kidney sections of WT mice treated with a higher dose of anti-IL-17A antibody demonstrated a significantly reduced percentage of abnormal glomeruli and glomeruli with crescent formation compared with the isotype-treated group (Fig. 6B) . The tubular inflammation score was also significantly reduced in groups of mice treated with a higher dose of anti-IL-17 antibody compared with control mice. Interestingly, we observed a dose-dependent effect of IL-17A neutralization on the glomerular and tubular inflammatory changes, indicating that a lower dose of anti-IL-17A antibody was insufficient to neutralize IL-17A in the nephritic kidney. Next, we determined whether the resistant phenotype-observed mice treated with anti-IL-17A antibody correlated with diminished innate cell influx in the nephritic kidney, as shown before in IL-17RA Ϫ/Ϫ mice. As shown Fig. 6C , mice treated with anti-IL-17A antibody (1500 g/ week/mice) demonstrated a significant decrease in the number of kidney-infiltrating neutrophils at Day 14. Although the frequency of inflammatory monocytes and macrophages was also reduced in anti-IL-17A-treated mice compared with the control group, it did not achieve statistical significance. Overall, these results clearly suggested that prophylactic administration of IL-17A has a beneficial impact on the development of renal pathology associated with AGN.
DISCUSSION
Th cells infiltrate the kidney in human and experimental glomerulonephritis, and several lines of evidence indicate that Th cells that mediated tissue damage play an important role in the pathogenesis of inflammatory diseases. However, the function of different Th cell subsets, particularly the recently identified Th17 cells and their signature cytokine IL-17, is poorly defined in AGN. With the use of a prototypic mouse model of AGN, we showed that IL-17RA signaling is critical for the development of renal pathology. Consequently, IL-17RA Ϫ/Ϫ signaling mice exhibited diminished renal inflammation and infiltration of the innate effector cells in the kidney, correlating with the reduced expression of IL-17-responsive cytokine and chemokine genes. In vitro, IL-17 enhanced the production of proinflammatory cytokines and chemokines from tECs, which To date, nearly all documented IL-17R signaling occurs in cells of nonhematopoietic origin, particularly epithelial and mesenchymal cells [27] . However, recent reports indicate a role for IL-17 in hematopoietic compartments [25] [26] [27] [28] [29] . IL-17 promotes granulopoiesis and neutrophil survival by stimulating the expression of G-CSF and neutrophil-attracting chemokines in the inflamed organs [28] . In macrophages, IL-17 indirectly induces the expression of TNF-␣ and IL-1 [29] . Whereas the role of IL-17 on innate cells is well-established, some, but not all, studies suggest a direct role of IL-17 on B cells. IL-17 promotes GC formation and autoantibody production from B cells [20, 26] . Nevertheless, with the argument against the direct role of IL-17 on B cells, a recent report showed that the survival of lupus AGN-prone mice was improved significantly in the absence of IL-17, whereas an abnormal B cell response continued unabated. Subsequently, loss of IL-17 resulted in reduced, IL-17-responsive gene expression and infiltration of inflammatory cells in the nephritic kidney, correlating with disease resistance [20] . These data point to a critical and likely direct role for IL-17 family cytokines on cells of nonhematopoietic origin in mediating kidney pathology. Supporting this line, we also found that IL-17RA Ϫ/Ϫ mice were protected completely from AGN, as assessed by the development of overt renal pathology and inflammatory changes. Interestingly, IL-17RA Ϫ/Ϫ exhibit diminished renal inflammation, despite an abnormal systemic immune response, correlating with disease resistance. These data are indicative of the fact that IL-17R signaling in kidney-resident cells plays a central role in driving renal inflammation in AGN. The identification of the IL-17-responsive cells and subsequently, the blockage of IL-17R signaling in these cells may prove beneficial in developing a better-targeted therapeutic approach in controlling AGN.
The two major immune compartments that contribute to AGN are (1) kidney-infiltrating cellular and humoral effectors and (2) kidney-resident cells. Whereas the injurious role of kidney-infiltrating immune cells has been emphasized, the contribution of kidney-resident cells has proved difficult to define. Studies in chronic kidney injury models showed that interaction between inflammatory cytokines and kidney resident cells activates cell-signaling pathways that precede induction of local inflammatory events in the kidney and initiates renal injury and fibrotic events. The major kidney-resident cells implicated in the AGN are podocytes, mesangial cells, and proximal and distal tECs [30 -32] . To date, most of the IL-17R signaling outcome studies involve in vitro approaches using fibroblast and epithelial cell lines, and information regarding the pathological consequence of IL-17R signaling in vivo in the nephritic kidney is currently lacking. To investigate the potential contribution of IL-17 in inducing inflammatory mediators from kidney-resident cells, we showed that IL-17, in synergy with TNF-␣, induced the production of multiple cytokine and chemokine genes from tECs. Overall, these findings suggest a general proinflammatory effect of IL-17 on resident kidney cells. As cell types interpret IL-17 signals differently, with overlapping but nonidentical patterns of gene expression, the contribution of IL-17R signaling in the other kidney-resident cells types, such as mesangial cells, podocytes, and glomerular endothelial cells, in the pathogenesis of AGN remains to be defined.
Whereas it is becoming ever more apparent that IL-17 plays a central role in the pathogenesis of AGN, therapeutic neutralization of IL-17 to diminish the severity of AGN has never been tested in mouse models of autoinflammatory kidney diseases. Lupus-prone mice treated with anti-IL-6 antibody (IL-6 is required for Th17 differentiation) or IL-17RF c (IL-21 is produced by Th17 cells) resulted in diminished AGN [33, 34] . However, given the pleiotropic effect of IL-6 and IL-21 on other immune cell types, such as B cells and myeloid cells, it is difficult to assess the therapeutic efficacy of anti-IL-6 and anti-IL-21 therapies in diminishing the Th17 response in these settings. On the other hand, administration of IL-17RF c in autoimmune-prone BXD2 mice resulted in diminished GC reaction and autoantibody production. But, the clinical consequence of IL-17R blocking in terms of kidney pathology development is largely unknown [26] . Here, we show for the first time that administration of anti-IL-17A antibody attenuated renal pathology and inflammation and significantly improved renal function associated with AGN.
Multiple clinical trials targeting the IL-17 pathway and signaling mechanisms are ongoing, and positive results have been obtained in psoriasis, rheumatoid arthritis, and ankylosing spondylitis [35] . Thus, our results provide a strong rationale for future clinical trials to test the therapeutic effectiveness of anti-IL-17R antibody in patients suffering from AGN associated with autoinflammatory kidney disorders. One advantage of IL-17 depletion therapy over anti-TNF drugs is that the risk of tuberculosis appears to be reduced. On the other hand, depletion of IL-17 may lead to neutropenia, and the patients may succumb to extracellular bacterial and fungal infections. However, at the current stage of drug development, this has not been a major concern. Although few cases of neutropenia and Candida infection have been noted, the direct association of IL-17 depletion in these patients has not been proven.
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